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Abstract
olarizabilities da,, and da, are approximated by

We derive an analytical expression for the couplin§ . ! R
. ._averaging the static polarizabilities along the slot length
impedance and loss factor of a long narrow slot in 4.

coaxial beam pipe. The method used differs from the

classical Bethe's theory of diffraction since we define da,, =a,/Ldz and da, = a,/Ldz )
differential polarizabilities to take into account the effect moom e e

of the interference between the fields scattered all along th(?_imiting our analysis to frequencies below the inner and

slot. The expressions obtained are thus valid even for slfgier pipes TE, cutoff, we can rewrite Egs. (1) as
longer than the wavelength. ’

1 INTRODUCTION My _an o, i wuhg, 2 dm, ol g 4
—° = 0p ~ I —— —_—°
Different analytical or semianalytical methods can be used dz L g 2 {9
to study the effects, on the beam dynamics, of pumping ahysey, Lz P, e 0
holes and slots coupling the vacuum chamber to an  +j—2=C J' sign(& - z)——e l*tlgen
external antichamber. 2 _{, dé
When the wavelength is much longer than the aperture

dimensions, the problem is treated in terms of static dP, _ ea, O .wueé L2 dP, —jks|z-¢] ©)
polarizabilities and coupling impedance and loss factor can”y, = | éEOr - 2 d_fe dé +
be calculated by different methods [1,2]. For longer L/2
wavelengths this procedure can no longer be followed and . wphy €, Li2 dMy I2-¢] O
frequency dependant polarizabilities have been introduced + ] | son(é - Z)?e ° dEE
in [3]. -L/2

The method we present here is based on the slot
subdivision in infinitesimal slices, as suggested in [4], s¢herehys and e, are the TEM modal functions [6] and
that it is still possible to use the modified Bethe’s theork, = 2/7.
of diffraction [5].

2 GENERAL THEORY

We consider a long and narrow slot on the inner tube of
coaxial beam pipe (Fig. 1). Subdividing the slot ir
infinitesimally long elements, which dimensions are
much shorter than the wavelength, we can still calcula
the equivalent dipole moments for each element accordil
to the modified Bethe’s diffraction theory:

dM, (2) :[HO¢(Z) - Hgy (z)]dam
dP, (2) = €[ By (2) -~ E4 (2)]da

(1)  Figure 1: Coaxial beam pipe with slot.

From a physical point of view, Egs. (3) reveal that the
where Hy, (2) and E, (2) are the fields radiated by a scattered fields depend on the electric and magnetic dipoles
point chargeg, travelling with velocityc along the axis of all over the aperture, since each infinitesimal slice radiates
a perfectly conducting pipeHs, (2) and Eqy(2) are the a forward and a backward wave in thg c_:oaX|a! region [6].
scattered fields; their amplitude, which is a function of the ONce Eas. (3) have been solved, it is straightforward to
equivalent dipole moments, can be expressed through #/ive the longitudinal impedance [7]

Lorentz reciprocity theorem [2]. The differential

+00

1 jkoz
Z(w) = -= [E,(r = 0)e!d 4
(w) q_J’wz(r )e"dz 4)
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Since only the TMn modes have a non zero [dMm, Bk 0dm,

longitudinal electric field along the pipe axis, each Hd_zH :Ed_zH +

element contribution to the impedance is
2

w
+ —

dM .
T A ‘
dz ' 2mpltc dz dz + 0ol = Al )]

nd st
SHC =gddzr (@ * ©

a
HZL_g]hg(bHOtP (0)[_am(amlll - aellz) +

wherez, is the free-space characteristic impedance. Eq. (5)

can be regarded as the differential version of the analogousEI dz
formula derived in [1]. W 5 g 4
The total impedance is simply obtained integrating Eq. +T Eh‘w H°¢(0)[ Ae(elyy = Alyp) +

(5) along the slot.

3 ANALYTICAL EXPRESSIONS FOR _ _
IMPEDANCE AND LOSS FACTOR The integrald,y, are given by

To obtain final expressions in an analytical form, we
choose to solve the integral equation system in Egs. (3)
using an iterative procedure. It will be shown that it is
sufficient to stop at the first order solution.

The zero-th order solution corresponds to the original
Bethe's theory [8], appropriately transformed to fit in the

(0l = ae|22)]

|11 - He_jk["Z_E‘e_jk‘JZe_jkO‘E_Z‘dZdE
slot

o = [[sion(g - ) ol et ol gzaig
sot

: o . o (10)
integral equations: Iy = [[Sign(é - 2)e Molz=Elgmiked g kol ¢ g g
slot
odM, " o odP, " ea I, = [(Sign(£ - 2)sign({ - &)
=ZmH,, and gL =-—-¢ 6 2 9 9
Hag § L Moo ™ HgeH =L B O ] | C
x g Tkolz=8lgmikol g ikol €] g
Replacing Egs. (6) in the right hand side of Eqgs. (3) we
get the first order solution The complete expression of impedance and loss factor
using the second order approximation for the differential
oM, s oM, |j)th dipole .r.noments i; quite complex and of no easy
% s E :% e E + readability. From Fig. 2 we can see, though, that the

difference from the loss factor for a Gaussian bunch of

LW an 2 length g, calculated using the first order approximation is
—j——2UHy4 (0 ag,l;—agl At
IoH 09 (Oog (Amly = dlel2) minimal.
(@)
CoP O _ P O
OdzO OgdzO 10
T wae g 2 s [ -
—]—=———Hys (0 a.ly—agl C - .
2 L2 c O:p( )h0¢( e'l m 2) r ‘Eégm s
o 6 L w=6 1 .
E o=5om P
where & .
L2 ) £ 4 L
|1 — J’ e—Jkofe_Jko‘z_f‘dé
-Lr2 z b
L/2 @ s
I, = J‘ Sign(gt_Z)e‘ikofe‘lko‘z‘f‘df 0 0 '
-L/2 L [mm]

e . Figure 2: Loss factor vs. length for a rectangular slot. The
The second order approximation is obtained replacingashed line is the small aperture approximation [9]; the

the expressions found for the differential dipole momentsyig jine is the first order solution; the black diamonds
in Egs. (7) on the right hand side of Egs. (3). Thugre obtained using the second order solution.
obtaining
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In the following analysis, therefore, we will make use Though theCg andCy, values are known only for a
of the following analytical expressions for thecircular aperture, in our case, a comparison of the
longitudinal impedance, obtained using the first ordeanalytical (Fig. 3, dashed line) and numerical results
solution of Egs. (3): suggest the following value€g = Cy, = 0.63.

In order to check this result, the loss factor has been

2 computed numerically for a given slot length and different
Zoko 2
Zpe (w) :Wn(d/b) (aetapy)” + wall thicknesses (Fig. 4), obtaining = Cy = 0.62 as
best fit.
2 1-cos(2k,L) U
+(ae—ap) W
(11) 0 T
Zoky i

Ziy (w) = == (ae +ay)+ i P

a7 (% O i V]

__(a,—ay)® O sin(2kl)CH 5
8m?In(d/b)L g 2kl & 01
oy
and consequently the loss factor for a Gaussian bunch is 0ot e im0 62 E
ZC\/’?[ n_gm_...|...|...|...|...|...
k(o,)= 1287T4b40|n(d/b)0 002 04 9E 0E 1 12
z
12y _ :
Ha, +a,)®  (d,—-am,)? _ 210 Figure 4: Loss factor for a rectangular slot VAw ratio.

XS < 02 Sk 2 = [1‘9 (How) ]E The black diamonds areAFIA points.

z

4 COMPARISONS WITH 5 CONCLUSIONS

NUMERICAL RESULTS
, ) ) , We have obtained an approximated analytical expression
We have performed simulations with the numerical codg), longitudinal impedance and loss factor of a long
MAFIA in the case of both rectangular and rounded engd, ..o slot in a coaxial beam pipe. When the slot is
slots of different Iength_a'nd width. ) longer than the wavelength, the real part of the impedance
To a}ccount fpr the.flnlte wall thicknegsthat must be a5 typical resonant behaviour related to the slot
used in the simulations, Egs. (11) and (12) must Bgngih. Our results are in good agreement with those

slightly modified as shown in [9]. The electric andypained in literature with different methods and with
magnetic polarizabilities change as well and can bBgara simulations.

represented as a function of the zero-thickness expressions,

using the approximation developed by McDonald [10], as: REFERENCES
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Figure 3: Loss factor for a rectangular slot. The black
diamonds ar®AFIA points.
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